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[57] ABSTRACT
A method of preparing difluoroformals of the formula

(RCH0),CF2,

wherein R is —C(NO2)3, —CF(NOz);, —CF2(NOy),
—C@NO;);CHs3, or a fluoroalkyl group such as —CF3
or —CF,CF3, by reacting the corresponding dichloro-
formals with hydrogen fluoride in pyridine. These di-
fluoroformals are useful as energetic explosive and pro-
pellant ingredients.
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METHOD OF PREPARING FLUORO, NITRO, AND
FLUORONITROALKYL DIFLUOROFORMALS

BACKGROUND OF THE INVENTION

This invention relates to organic compounds and
more particularly to difluoroformals.

U.S. Pat. No. 3,922,311, entitled “Fluorodinitroethyl
Difluoroformal and Process of Manufacture,” which
was issued to Howard M. Peters and Robert L. Simon,
Jr., on Nov. 25, 1975, discloses the synthesis of bis(2-
fluoro-2,2-dinitroethyl) difluoroformal by the reaction
of bis(2-fluoro-2,2-dinitroethyl) carbonate with sulfur
tetrafluoride and hydrogen fluoride. Similar. com-
pounds have been prepared at SRI International, 333
Ravenswood Avenue, Menlo Park, Calif. 94025, by the
reaction of carbonates and thionocarbonates with sulfur
tetrafluoride with catalysts such as TiClg using in at
least some cases liquid hydrogen fluoride as solvent.
The reaction is conducted in high pressure equipment
for extended periods of time (10-25 days) at tempera-
ture Z100°. Workup requires the removal of noxious
gasses and reactant and catalyst impurities. In addition
difficult purification of the product is often required.
Yields are on the order of 70-90%. It would be desir-
able to provide an easier method of preparing fluoro-,
nitro-, and fluoronitroalkyl difluoroformals.

SUMMARY OF THE INVENTION

Accordingly, an object of this invention is to provide
an improved method of synthesizing flnoro-, nitro-, and
fluoronitroalky! difluoroformals.

Another object of this invention is to provide a
method of synthesizing fluoro-, nitro-, and fluoroni-
troalkyldifluoro formals at ambient temperature and
pressure.

A further object of this invention is to provide a faster
method of synthesizing fluoro-, nitro-, and fluoroni-
troalkyl difluoroformals.

These and other objects of this invention are
achieved by providing a method of preparing difluoro-
formais of the formula

(RCH203-CF;

wherein R is —C(NO32)3, —CF(NO2);, —CF2(NO2),
—C(NO3),CH3, —CF3, and —CF,CF3, comprising:
(1) adding a dichloroformal of the formula

(RCH09CCl,

wherein R is as defined above, to a solution of
hydrogen fluoride in pyridine and allowing the
dichloroformal to react with the hydrogen fluoride
to give the difluoroformal; and
(2) isolating the product difluoroformal.
The difluoroformals are useful as energetic explosive
and propellant ingredients.

DETAILED DESCRIPTION OF THE
PREFERRED EMBODIMENT

Methods of preparing the dichloroformals used in
this invention are disclosed in the U.S. Patent Applica-
tion Ser. No. 256,462 filed Mar. 30, 1981 entitled
“Polynitroethyl Dichloroformals,” by William H. Gilli-
gan, filed concurrently with the present application,
herein incorporated by reference. The dichloroformals
are prepared by refluxing the corresponding thionocar-
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bonate with sulfuryl chloride in the presence of a cata-
lytic amount of either AICI3 or TiCls. Another method
is to pass chlorine gas through a mixture of the thiono-
carbonate, a chlorinated hydrocarbon (e.g., CCls,
CHCl3, CH,Cl,, or 1,2-dichloroethane), and a polar
additive (e.g., 2,2,2-trifluoroethanol or acetonitrile).

_ Preferably, at least two moles of polar additive is used
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for each mole of thionocarbonate. The reaction temper-

ature for this second method is preferably from 15° to

25° C. (with a reaction time of from 3 to 8 hours).
Dichloroformals which are used include,

[C(NO2);CH2047CChy,
[CFNO2),CH20%r CCl,,
[CF2(NO2)CH2037 CClz,
[CH;C(NO2)2CH2037 CChy,
[CF3CH,035 CCl, and
[CF3CF,CH03 CCla.

The difluoroformals which are produced include

{C(INO2)3:CH20%: CF,
[CF(NO2)2CH;015 CFa,
[CF2(NO2)CH035 CF,
[CH3C(NO2),CH;0% CF,
[CF3CH2035 CF3, and
[CF3CF2CH,015 CF>, respectively.

" The reaction is carried out by adding the dichlorofor-
mal to a solution of hydrogen fluoride in pyridine and
stirring at ambient temperatures, and pressure for from
1 to3 days. Preferably a 60 to 70% by weight solution of
HF in pyridine is used. The reaction appears to be com-
plete in a day or less, though to ensure complete reac-
tion, longer times were sometimes used. The product is
isolated by pouring into water and extracting with an
immiscible organic solvent such as methylene chloride.
After drying and removal of the solvent, the product is
obtained in essentially quantitative yield and is essen-
tially analytically pure. The dichloroformal can be
added either in the neat state or in a solution of methy-
lene chioride or 1,2-dichloroethane. The reaction solu-
tion can be heated to 50° but there is no advantage in so
doing.

To more clearly illustrate this invention, the follow-
ing examples are presented. It should be understood,
however, that these examples are presented merely as a
means of illustration and are not intended to limit the
scope of the invention in any way.

EXAMPLES

The reactions in Examples 1 through 5 were carried
out by adding the appropriate dichloroformal to a
60-70% solution of hydrogen fluoride in pyridine and
stirring the solution at ambient temperature. The prod-
uct difluoroformals were isolated by pouring the reac-
tion solution into water and then extracting out the
product difluoroformal with a water-immiscible solvent
such as methylene chloride. After drying and removal
of the solvent, the products were obtained in essentially
quantitative yield and were essentially analytically
pure.

Table 1 presents a summary for Examples 1-5 of the
starting materials, reaction times, products, and yields.
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Table 2 presents the elemental analyses of the product
difluoroformals of Examples 1-5.

Obviously, many modifications and variations of the
present invention was possible in light of the above
teachings. It is therefore to be understood that within
the scope of the appended claims the invention may be
practiced otherwise than as specifically described.
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1. A method of preparing a difluoroformal of the
formula

(RCH;0 1CFy,

wherein R is selected from the group consisting of
—C(NO2)3, —CF(NOz);, —CF(NO2), —C(-

TABLE 1
HY/pyridine 9
(RCH,0); CCl» wt. of dichloro- (RCH10),CF,
Example No. R formal (g) ml, HF/pyridine ‘Time (hr) Yield (%) H-NMR(CDCl3)TMS) (ppm)
1 C(NO,); 3.48 10 20 9% 512()
2 FC(NOz)2 50 10 20 ~100  497(d)
3 F,C(NOy) 379 8 16 97 4.58(1)
4 CH3CNO2)2 2.53 7.5 16 ~100  4.68(s); 2.23 (5)
5 CF;3 9.6 15 16 72*  422(Q
. yield b of mechanical losses.
20 NO»),CH3, —CF3, and —CF,CF3, comprising:
(1) adding a dichloroformal of the formula
(RCH20); CCl,
TABLE 2
El al Analyses wherein R is as defined above, to a solution of
Example No. R %C %H %N %E > hydrogen fluoride in pyridine and allowing the
: C(NOg), Calo. 1464 008 2049 926 dlch.loroform'al to react with the hydrogen fluoride
Found - 1473 1.00 2028 9.02 to give the difluoroformal; and
2 FC(NOy); Calc. 16.86 1.13 1573 21.34 (2) isolating the product difluoroformal.
Found 1682 1.12 1549 2116 2. The method of claim 1 wherein R is selected from
3 FzC(NOz) }C;ilc. 19.88 1.33 9.27 37.74 30 the group consisting Of —C(N02)3, —CF(NOZ)Z,
ound 19.98 130 9.39 3746
4 CH3C(NOz); Calc. 2415 290 1609 1091 —CF(NO), —C(NO2),CHj3, and —CFs. )
‘Found 24.08 297 1549 10.71 3. The method of claim 1 or 2 wherein the solution of
5 CF; Cale. 2421 162 — 6127 hydrogen fluoride in pyridine comprises from about 60
Found 2399 161 — 6109 to about 70 weight percent of hydrogen fluoride in
35 pyridine. ’
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